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A cry-related sequence, designated cryX (EMBL X75019), was localized upstream of cryIG, the &endotoxin gene cloned from spp. galleriae of 
Bacillus thuringiensis and sequenced earlier [(1991) FEBS Lett. 293,25-281. Analysis of the cryXcomplete nucleotide sequence nabled us to explain 
its virtual crypticity and to reveal the chimeric structure of the genes, cryX and cryIG. The amino acid sequence of 1,151 residues encoded by the 
continuous reading frame of cryX is similar to the other S-endotoxins but differs essentially from them. 
cryX; &Endotoxin; Primary structure; Cryptic gene; Bacillus thuringiensis 
1. INTRODUCTION 
Various subspecies of Bacillus thuringiensis (BT) pro- 
duce a great variety of 70-l 30 kDa crystal-forming pro- 
teins, known as &endotoxins (dET), displaying highly 
specific entomocidal activity towards larvae of different 
insect Orders. 
library as described [3,4]. An additional cry-related se- 
quence was detected by Southern-blot hybridization up- 
stream to the 4.5 kb cryIG-containing segment (down- 
stream of the unique KpnI site, see Fig. 1) sequenced 
earlier [4]. 
The spp. gulleriue of BT is characterized by its ability 
to procedure a wide spectrum of dETs [2]. Earlier we 
reported cloning [3] and sequencing [4] the cryIG gene 
coding for the major crystal protein component of this 
spp. with unique toxicity toward Galleria mellonella lar- 
vae. Another cry-related sequence, designated cryX, 
was localized upstream of cryIG. Analysis of the cryX 
complete nucleotide sequence presented here explains 
its virtual crypticity and also reveals the chimeric struc- 
ture of the genes, cryX and cryIG. 
The nucleotide sequence of the 4 kb segment covering 
the S-flank of the insert of pOCl0 (from the first EcoRI 
down to the second Hind111 site), contains the continu- 
ous reading frame (CRF) of 3,453 bp encoding a poly- 
peptide of 1,151 amino acids (see Fig. 2). The length of 
this CRF corresponds to the normal size of the dETs, 
but there were no translation initiation elements de- 
tected in its S-flank. The new gene might therefore be 
considered the cryptic gene that cannot be normally 
expressed in vivo. 
2. EXPERIMENTAL 
2.1. cryX cloning and sequence analysis 
The nucleotide sequence of subclones overlapping4.0 kb the EcoRI- 
Hind111 segment of interest (see Fig. 1) was determined by the double- 
stranded DNA sequenase version [5] of Sanger’s dideoxynucleotide 
method. 
3. RESULTS AND DISCUSSION 
The recombinant phasmid pOCl0 (with a 10 kb inser- 
tion fragment bearing the cryX-cryIG locus) was iso- 
lated from Bacillus thuringiensis spp. galleriae genomic 
*Corresponding author. Fax: (7) (095) 315 0501. 
**The index Xindicates the cryptic character of the new sequence and 
the unidentified nature of the biospecificity of its potential product. 
According to contemporary structure-function no- 
menclature dETs are classified into four major classes, 
I-IV [l]. The hypothetical CRF product, like dETs of 
classes Cry1 or CryIV, is a 130 kDa-type protein. The 
most striking feature of the C-terminal half (amino 
acids 653-1,151) of CryX is that it appears to be nearly 
identical (> 98%) to the corresponding region of CryIG. 
At the same time, its N-terminal half has only marginal 
similarity with the known dETs. The highest percentage 
of the coincident residues is observed in a comparison 
of the N-terminal half of CryX with CryIB [6] (23%), 
and to a lesser extent with dETs of other groups (Cry1 
and CryIII-12-20%). The majority of the matching res- 
idues is located in five conserved regions (‘blocks’) com- 
mon for all known dETs, but the percentage of identity 
does not exeed 40% even there. The nresence and the 
mode of distribution of the blocks indicates 
can be considered a cry-related sequence. 
The observed type of similarity between 
that cryX 
cryX and 
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Fig. 1. Structural organization of the cry%cryIG-containing segment of Bacillus thuringiensis spp. gulleriue: the map and gene localization in the 
11.7 kb insertion segment of the pOCl0 recombinant phasmid. The regions of cryXvs. cryIG nucleotide sequence identity are shaded. The presence 
of the normal SD-ATG initiator motif in cryIG (absent in cryx) is indicated. 
ECoRI 31 61 91 
~~CTCTATTnTGATTTCTCTTATTGGATTTGGCATGCTTTT 
* FLLLEEFLFHVFELKTCIWHAF 
121 151 181 
TTCCTMCTMGCn;AGTAGTTACAAAGATTATTTGATTATTTG~~TCCGM~AGACTATATAGACTCGTATAT~TCCT~~TGTTAGA 
FLTKLSSYKDYLKMSEGDYIDSYINPGNVR 
211 241 271 
ACTGGACTACAARCTGGMTTGATATTGTTGCAGTAGTAGTAGTA~TGCTTTA~T~ACCAGTT~~CATACTCACT~TTTTCTTTCT 
TGLQTG IDIVAVVVGALGGPVGGILTGFLS 
301 331 361 
ACTCTTTTTGGTTTTCTTTGCCATCTAATGATCAAGCAG 
TLFGFLWPSNDQAVWEAFIEQMEELIEQRI 
391 421 451 
TCAGATCMGTAGTMGGACTGCACTCGATGACTTAACTG 
SDQVVRTALDDLTG IQNYYNQYLIALKEWE 
481 511 541 
GARAGACCAAACGGCGTMGAGC~CTTAGTTT~C~GATTTG~TCTTGCACGCGCTATTTGTMGTAGTATGCC~TTTT~T 
ERPNGVRANLVLQRFE ILHALFVSSMPSFG 
571 block 1 601 631 
AGn;GCCCTGGMGTCATTTCAGGCACAC~TTGTT~TTGTTTA~C~MGCAGC~TCTTCATTTACTATTATTAGCTGATGCT 
SGPGSQRFQAOLLVVYAOAANLELLLLADA 
block 1 661 691 721 
GAAAAGTATGGGGCAAGATTCCGTGMTCCCAGATA~~TTTATATTTTM~MCTAC~CTCGTACTCGAGATTACACC 
EKYGARWGLRESQ IGNLYFNELQTRTRDYT 
751 781 811 
MCCATTGTGTAAACGCGTATMTMC~TTAGCC~TTACGA~MCGAGCGCTG~GTT~TT~GTACCATCMTTCCGCAGA 
NHCVNAYNNGLAGLRGTSAESWLKYHQFRR 
841 871 901 
GMGCMCCTTMTGGCMTGGATTTGATTTGATAGCTTTATTTCCATATTATMCACCC~CGATATCCMTCGCAGT~TCCTCAGCTTACA 
EATLMAMDLIALFPYYNTRRYPIAVNPQLT 
block 2 931 961 991 
CGTGAGGTATATACAGATCCATTAGGCGTTCCTTCCTTC~MGMTCMGTTTATTTCCAGMTTGAGATGCTTMGAT~CMGAGACTTCT 
REVYTDPLGVPSEESSLFPELRCLRWOETS 
1021 1051 block2 1081 
GCCATGACTTTTTCAAATTTGGAAAAn;CAATAATTTTCGTCACCACATCTATTTGACACMT~CMTTTMTGATTTATACCGGTTCC 
AMTFSNLENAIISSPELFDTINNLl4IYTGS 
1111 1141 1171 
TTTTCCGTTCACCTMCCMTCMTTMTTGGATA 
FSVBLTNQLIEGWIGHSVTSSLLASGPTTV 
1201 1231 1261 
CTGAGMG~TTACGGTAGCACGACATCTATTGTAAACT 
LRRNYGSTTSIVNYFSFNDRDVYQINTRSH 
1291 1321 1351 
ACTGGGTTGGGATTCCAGMCGCACCTTTATTT~MTCACTAGAGCTCMTTTTACCCA~~ACTTATTCAGTMCTCMCG~T 
TGLGFQNAPLFGITRAQFYPGGTYSVTQRN 
1381 1411 1441 
GCATTMCAn;TGMCATATMTTCMTTGATGAGTTACCGAGCCTAGACCC~TGMCCTATCAGTAGMGTTATAGTCATAGA 
ALTCEQNYNSIDELPSLDPNNPISRSYSHR 
1471 1501 block3 1531 
TTATCTCATATTACCTCCTATTTGCATCGTGTATTGACTATTGAT~TATTMTATATATTCA~~TCTCCCTACTTATGTAT~ACC 
LSEITSYLHRVLTIDGINIYSGNLPTYVWT 
block3 1561 1591 1621 
CATCGCGATGTGGACCTTACAAACACGATTACGATATACT 
HRDVDLTNTITADRITOLPLVKSFEIPAGT 
1651 block3 1681 1711 
ACTGTCGTMGAGGACCAGGTTTTACAGGAGGGGATATACCTACT 
TVVRGPGFTGGDILRRTGVGTFGTIRVRTT 
block4 1741 1771 1801 
GCCCCCTTMCACAAAGATATCGCATMGATTTCGTA 
APLTQBYRIRFRFASTTNLFIGIRVGDRQV 
1831 1861 1891 
MTTATTTTGACTTCGMTGMCAGAGGAGAT~TTM~TACGMTCTTT~CTACM~AGTTTACTACTGATTTTMT 
NYFDFGRTMNRGDELRYESFATREFTTDFN 
Fig. 2 (For caption, see next page). 
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1921 1951 block5 1981 
TTTAGACAACCTCAAGAA TTAATCTCAGTGTTTGCAGCATTTAGCGCTGGTCAAGCCCC 
PRQPQELISVFANAFSAGQRVYFDRIRIIP 
2011 2041 2071 
GTTAATCCCGCACGAGAGGCGAAAGAGGATCTAGAAGCAG~GCAGC~G~GC~~CGAGCTTGTTTACACGCAC~~ACGGATTAC~ 
UPAREAKEDLRAAKKAVASLFTRTRDGLQ 
2101 2131 2161 
GTAAATGTGAAAGATTATCATCGATCAAGCGGCAAATT 
VNVKDYQVDQAANLVSCLSDEQYGYDKKML 
2191 2221 2251 
TTGGAAGCGGTACGCGCGGCAAAACGCCTCAGCCGCCTCAGCCGAG~CGT~CTTACTTCA~ATCCAGATTTT~TAC~TC~T~TACAG~G~ 
LEAVRAAKRLSRERNLLQDPDFNTINSTEE 
2281 2311 2341 
AAn;GATGGAAAGCAAGTRRCGGCGTTACTATTAGTTACTATTAGTGA~C~TCCATTCTAT~~CCG~CACTTCAGCTAGC~GTGCACGAG~ 
NGWKASNGVTISEGGPFYKGRALQLASARE 
2371 2401 2431 
AATTATCCAACATACATTTATCAAAAA GTAGAn;CATCGGAGTTACCTTATACACGTTATAGATCAGAT~TTCGTG~GAGTAGT 
NYPTYIYQKVDAS ELKPYTRYRSDGFVKSS 
2461 2491 2521 
CAAGATTTAGAAATTGATCTCATTCACCATCATAAAGTCCATCTTGTGAMAA TGTACCAGATAATTTAGTATCTGATACTTACCCAGAT 
QDLEIDLISliHKVHLVKNVPDNLVSDTYPD 
2551 2581 2611 
GATTCTTGTAGTGGAATCAATCGATGTCAGGAACAACAGAT 
DSCSGINRCQEQQMVNAQLETEBBHPMDCC 
2641 2671 2701 
GAAGCAGCTCRAACACATGAGTTTTCTTCCTATATTGATACA~GATTT~TTCGAGTGTAGACCA~~TCT~CGATCTTT~ 
EAAQTHEFSSYIDTGDLNSSVDQGIWAIFK 
2731 2761 2791 
GTTCGAACAACCGAn;GTTATGCGACGTTAGGAAATCTTG 
VRTTDGYATLGNLELVEVGPLSGESLEREQ 
2821 2851 2881 
AGGGATAATATACAAAAn;GAGTGCAGACTAGACTA~~~GCGT~AG~CAGATCGCGTGTATCMGATGCC~C~TCCATC~T CAT 
RDNTKWSAE LGRKRAETDRVYQDAKQS I N H 
2911 2941 2971 
TTATTTGTGGATTATCAAGATCAACAATTAAATCCAGAAATTCA 
LFVDYQDQQLNPEIGMADIMDAQNLVASIS 
3001 3031 3061 
GATGTATATAGCGAn;CCGTACTGCAAATCCCCT~~TT~CTA~GATTTACACAGAGCTGTCC~TCGCTTAC~C~GCATCGTAT 
DVYSDAVLQIPGINYEIYTELSNRLQQASY 
3091 3121 3151 
CTGTATACGTCTCGAAATGCGGTGCAAAATGGGGACTTTA 
LYTSRNAVQNGDFNNGLDSWNATAGASVQQ 
3181 3211 3241 
GATGGCAATACGCATTTCTTAGTTCTTTCTCATTGGGATG 
DGNTHFLVLSHWDAQVSQQFRVQPNCKYVL 
3271 3301 3331 
CGTGTAACAGCAGAGAAAGTAGGCGGCGGAGACGGAC~ATACGTGACTATCC~~TGCTCATCATACAG~CGCTTACATTT~TGCA 
RVTAEKVGGGDGYVTIRDGAHETETLTFNA 
3361 3391 3421 
TGTGATTATGATATAAAn;GCACGTACGn;ACTGATAATA 
CDYDINGTYVTDNTYLTKEVIFYSRTEHMW 
3451 3481 3511 
GTAGAGGTAAATGAAACAGAAGGTGCATTTCATTTCATATAGATAGTATTG~TTCGT~~CAG~GT~C~ATGA~TTCCG~CATA 
VEVNETEGAFHIDSIEFVETEK* 
3541 3571 3601 
TAAGGTATAAGGACGATACGCCGTATARAAGATTCTCTC~CAG~TG~~T~~A~ACCCCTCC~TAGTCGTACAT~~T 
3631 3661 3691 
ACACAGACTACCCGGAGGTATTTTTTATATAAAAAA TGTGGTTTTTCACTACGGTATATCGAAAGAATTACAGTTATGAGCGMTCAAAA 
3721 3751 3781 
TGAATAGAAAGCAGGATTCTGTACCTAAGACATATAT~T~G~GA~CGCATTG~T~GGATAGG~T~TGTATTCTCATTTG 
3811 3841 3871 
AAAGTTTAGTCTGCAATCT~TTGCCTATT~A~~~ATAC~G~GTGTGCTACCTATAGAC~G~TTTCAG 
3901 3931 3961 
TA~AT~T~TA~;GATTTGA~T~T~T~T~T~A~~T~TTATTT~AT~~~A~~GTTATATACA~~T~~~TT 
3991 Bind111 
ATATTCGCAAATGATTTGTTAATATCTGTTCCTwm 
Fig. 2 (continued). The nucleotide sequence of the 4,000 bp EcoRI-Hind111 segment of the insert in the pOCl0 recombinant phasmid from the 
genomic library of Bacillus thuringiensis spp. galleriae. The position of relevant restriction enzyme sites, the same as in Fig. 1, are indicated. In 
the deduced amino acid sequence of cryA the 5 highly conserved regions (blocks) are delineated. 
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cryIG indicates clearly the participation of recombina- 
tion events in the origination of these genes. 
[3] Osterman, A.L., Karasin, AI., Zagnitko, O.P., Kaluger, S.V., 
Chestukhina, G.G., Fonstein, M.Yu., Yankovsky, N.K. and Ste- 
panov, V.M. (1989) Mol. Biol. (USSR) 23, 463472. 
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